In this paper it is shown that effective torus Tractions on simply connected closed (n + 2)-manifolds M n+Z for all n ^ 1 exist, and a complete orbit structure is given. It turns out that all maximal isotropy subgroups must generate the whole group T n . The cross-sectioning theorem for the orbit map π: ikf->ikf* -M n+2 IT n is given, and as its application an equivariant classification theorem is obtained.
It is also shown that free torus Tractions on simply connected closed (n + 4)-manifolds for all n ^ 1 exist.
The purpose of this paper is to study the actions of T n on simplyconnected manifolds with low codimension. It is shown here that the orbit space M* = M n+2 /T n is a disk D 2 with the boundary points corresponding to only isotropy subgroups T u s and T 2 's of T* and the interior points corresponding to only principal orbits.
It is also given that a subgroup T k (n > k ^ 1) cannot contain all nonf ree elements of T* f where, by a nonf ree element we mean an element that fixes some points of M n+2 . This implies that all maximal isotropy subgroups (which are Γ 2 's) must generate the whole group T n . We prove that if T n acts on a closed orientable (n + 2)-manifold M n+2 with one or two orbit types of orbit structure, and with simply connected orbit space then M n+2 is homeomorphic to L(p, q) x T n~ι for •n ^ 2. Hence T n cannot act freely on any simply connected closed (n + 2)-manifold M n+2 for n > 1. However, we demonstrate here the existence of a free Γ w " 2 -actions on a simply connected closed (n + 2)-manifold.
It is known that T n cannot act effectively on a simply connected closed (n + l)-manifold M n+1 for n ^ 3 [4] , and with the above statements we suspected that T n cannot act effectively on a simply connected (n + 2)-manifold M n+2 for n ^ 5. However, we prove the existence theorem of T^-actions on simply connected closed (n + 2)-manifold M n+2 for all n. We state the cross-sectioning theorem and equivariant classification theorem without proof.
As a result, we more or less know completely about torus group actions on simply connected closed manifolds with the low codimension. That is, T n cannot act freely on a simply connected closed (n + 1) or (n + 2)-manifold, but T n can act freely on a simply connected closed (n + 4)-manifold; and T n cannot act effectively on a simply 435 436 SOON-KYU KIM, DENNIS McGAVRAN, JINGYAL PAK connected closed (n + l)-manifold for n ^> 3, but T n can act effectively on a simply connected closed (n + 2)-manifold.
Although most of our results carry over to the topological category we will work in the locally smooth category. Definitions and terminologies are all standard and can be found in Bredon's book [1] . 1* Isotropy subgroups and applications* Let a torus group T n act effectievely on a simply connected closed (n + 2)-manifold M n+2 . Then by the slice theorem [2] there are principal orbits which are homeomorphic to T n and the orbit space M* = M n+2 /T n is a simply connected compact 2-manifold.
We first prove the following theorem as an application of a result of Pak [4] . It will say that T n cannot act freely on simply connected closed (n + 2)-manifold M n+2 unless n = 1. Proof of this theorem uses the parity of the dimensions of the slice and that of the orbit. We leave the proof to the reader. . Thus we have the commutative triangle:
The orbit space N relative to a Traction on M n+2 is simply connected and T n~k acts freely on the space N. For if there is an element g e T n~k which fixes an element xe N, i.e., gx = x, then gx = x. Therefore, there exists an element h x e T k such that gx = h x x. Then h~ιg fixes the element x, and hence h7 As illustrations of the above fact there are reactions on simply connected 4-manifolds (see [3] Now we know the complete orbit structures and the existence of cross-sections for the orbit maps π: M n+2 -> ikf* for effective Tractions on simply connected closed (n + 2)-manifolds. Therefore, we can classify equivariantly these simply connected closed (n + 2)-manifolds which admit effective Tractions.
Let ikf* be the orbit space of an action (T n , M n+2 ). We associate the stability subgroup of the points in the orbit to each orbit x* e ikf*. The orbit space ikf* with associated orbit types is called a weighted orbit space.
Let ikf* and iV* denote the weighted orbit spaces of a Traction on M n+2 and N n+2 , respectively. A weight preserving homeomorphism of ikf* onto 2V* is a homeomorphism of M* onto N* which carries the weights of ikf* isomorphically onto the weights of N*.
If manifolds M n+2 and N n+2 are simply connected and closed then the orbit spaces ikf* and N* are disks with nontrivial stability subgroups T 1? s and T 2 's on the boundaries and the orbit map π: N-+ iV* have cross-sections by the above Theorem 2.3. By the same argument that is used in [3] and [5] , we have an equivariant classification theorem. 3* Free actions. We know by [4] and from the previous section that a torus group T n cannot act freely on a simply connected (n + 1) or (n + 2)-manifold for n *> 3 or n ^ 2, respectively. This is of course not true the higher codimension. s we get more free reactions on simply connected closed 6-manifolds. For all n 9 we demonstrate the existence of a principal T*~2-bundle over a connected sum of several copies of S 2 x S 2 with a simply connected total space.
Let X be the connected sum of k copies of Let P': E r -> B T n-2 be a universal T w~2 -bundle where the classifying space B τ n-2 is the product of n -2 copies of the Eilenberg-MacLane space K{Z, 2). Then principal T^-bundles over X are in a one-toone correspondence with the set of homotopy classes of maps from X to B, [X, B] .
We also have a bisection ψ: Proof. Choose an element /* in Horn (ττ 2 (X), π 2 {B)) = Horn (Z 2k , Z n~2 ) which is onto. The existence of an onto map is guaranteed by the choice of k. Let p: E-> X be the Γ w~2 -bundle induced by /: X-+ B. Then / induces a map between the homotopy sequences for bundles p': E' -> B and p: E -> X. Thus we have the following commutative diagram
(X). We have y[h o ψ([f])]([σ]) = φγo (h(a))-ι o (hoψ([f]))φ z ([σ]).
where the rows are exact and π 2 (E') = 0 = 7Γi(23") since 2?' is contractible. Therefore Δ f is an isomorphism. Since /# is chosen to be onto, J:π 2 (X)->π 1 (T n~2 ) must be onto. Hence π v {E) = 0. This completes the proof. 4.1. follows from BoreΓs formula, and 4.2 can be deduced from Golber's formula.
We know that T n cannot act effectively on a simply connected (n + l)~manifold for n ^ 3 [4] , and we suspected that T n cannot act effectively on a simply connected (n + 2)-manifold for n ^ 5. However, contrary to our suspicion, we construct an effective Traction on a simply connected (n + 2)-manifold for any n.
We first define certain permutations. Let σ k -(12& + 1) for 2 :g k < n and σ n -(123). Let μ x -(1) and for 1 < k ^ n define μ k by μk°σk -μn-i (where μ k°σk means "σ k followed by μ k ").
We shall consider various copies of D 4 x Γ w~2 and we will denote the kth copy by
, <α 4 c>). Note that for 2 ^ k < n, Λ(ίi, , in) = (*2, ίfc+i, ί 8 , * ,ii, , ί«) with ίi appearing in the (k + l)st position and for k = n f n (t lf ••-,£*) = (ί 8 , ί 8 , ti, , t Λ ) Hence each / fc is a homeomorphism.
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